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1 Introduction
For LC_MTC RLM parameters setup, we have two open issues, one is about PDCCH/PCFICH parameters setup and one is RLM evaluation period. In RAN4#71 meeting, the following agreements are captured in [2]:
· On PDCCH/PCFICH Parameters for OOS and INS: 
· Based on the current simulation results, the significant PDCCH/PCFICH performance degradation with 1Rx is observed compared with that of 2Rx when legacy PDCCH/PCFICH parameters are reused.
· It will lead to cell coverage reduction
· For the PDCCH/PCFICH parameters setup, there are two options:
· Option 1: Keep PDCCH/PCFICH parameters for LC_MTC
· Option 2: Modify PDCCH/PCFICH parameters for LC_MTC.
· Interested companies are encouraged to provide input for option 1 and option 2. The following aspect shall be addressed for both option 1 and option 2:
· Checking PDCCH/PCFICH as well as PDSCH performance degradation impacts for practical system 
· On RLM evaluation period: 
· Option 1: Keep existing OOS/INS evaluation period for LC_MTC for both non-DRX and DRX.
· Option 2: Extending OOS/INS evaluation period by two times compared to legacy evaluation period for LC_MTC for non-DRX. For DRX is FFS.
· As a baseline, the legacy sampling rate (UE shall every radio frame assess the radio link quality, as specified in section 4.2.1 of 36.213) is assumed. 
· The other possible solution on sampling rate for power saving target for LC_MTC is not excluded and FFS.
In this paper, we address our view on these open issues. 
2 Discussion
On PDCCH/PCFICH parameters for OOS and INS
For PDCCH/PCFICH parameters for OOS and INS for LC_MTC, the basic principle can be: 

Principle 1: Low cost MTC UE with 1 Rx shall have very similar coverage as legacy UE with 2 Rx regarding RLM

Based on the link level simulation results in [3], we have the following proposals:
Proposal 1: The Ratio of PCFICH RE energy to average RS RE energy shall be:

· 4dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
· 1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.
Proposal 2:  When single antenna port is used, the following options can be considered for Low cost MTC INS configuration:

· Option 1: N_CCE = 4 and PDCCH_RA = 5 or 6 dB 

· Option 2: N_CCE = 8 and PDCCH_RA =3 or 4 dB

In practical system, the CCE resource is scarce resource. We slightly prefer to use option 1. 
Proposal 3: When two antenna ports or four antenna ports are used, N_CCE =4 and PDCCH_RA = 3 dB can be considered for the INS of low cost MTC UE. 

Proposal 4: When two antenna ports or four antenna ports are used, the following options can be considered for low cost MTC OoS configuration:
Option 1: For low cost MTC of Out-of-sync, PDCCH_RA = 4 dB with coverage reduction

Option 2: For low cost MTC of Out-of-sync, PDCCH_RA = 5 dB or 6 dB 

One concern for the above parameters setup is about the PDSCH coverage impact. One simple way to check the PDSCH coverage impact is to check the maximum coupling loss (MCL) of PDSCH and PDCCH channel. In TR 36.888 [1], the MCL is given and as shown in Table 1. 
Table 1: MCL calculation for normal LTE
	
	FDD (Note 1)
	TDD (Note 2)

	Physical channel name
	PDSCH
	PDCCH

(1A)
	PDSCH
	PDCCH

(1A)

	Data rate(kbps)
	20
	
	20
	

	Transmitter
	
	
	
	

	Max Tx power  (dBm)
	46
	46
	49
	49

	(1) Actual Tx power (dBm)
	32.0
	42.8
	32.0
	42.8

	Receiver
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	9
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	360000
	4320000
	360000
	4320000

	(6) Effective noise power
         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-109.4
	-98.6
	-109.4
	-98.6

	(7) Required SINR (dB)
	-4.0
	-4.7
	-6.7
	-5.5

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-113.4
	-103.34
	-116.1
	-104.1

	(9) MCL 
         = (1) ( (8) (dB)
	145.4
	146.1
	148.1
	146.9

	Note 1: eNB is assumed with 2 Tx and 2 Rx in FDD systems.
Note 2: eNB is assumed with 8 Tx and 8 Rx in TDD systems


In this Table, the transmission mode for LTE FDD and TDD downlink channel is Transmission Mode 2. UE is assumed with 1 Tx and 2 Rx in both FDD and TDD systems. For PDSCH, assumed two PRBs are used and no power boost for PDSCH. As a result, the difference of actual Tx power and the maximum transmit power is 10*log10(50/2) = 14 dB. For PDCCH, 1 OFDM symbol is used, 8 CCEs are assumed and no power boost is performed. For FDD, the difference b/w actual Tx power and max Tx power is 10*log10(50*12/(8*36)) = 3.2 dB. From Table 1, it is observed that the coverage of PDSCH and PDCCH is comparable for normal UE both for FDD and TDD when no power boost is performed for both PDSCH and PDCCH.  
Based on the above proposal, PDCCH_RA=5dB for LC_MTC can achieve similar coverage as normal UE regarding PDCCH/PCFICH coverage when two antenna ports are used for cell-specific reference signal transmission. More specifically, compared with the normal UE case where PDCCH_RA = 1 dB, 4 dB further power boost is needed for LC_MTC UE for PDCCH. In order to achieve similar PDSCH coverage for LC_MTC and normal UE, 4 dB additional power boost is expected for LC_MTC PDSCH. For PDSCH, in principle, maximum 14 dB power can be boosted.  4 dB power boost is feasible for practical network. Hence, the following observation holds true:
Observation 2: The same coverage for PDSCH and PDCCH can be achieved for LC_MTC if PDSCH and PDCCH have comparable power boost. 

Based on this observation, for the PDCCH/PCFICH parameters setup, we prefer option 2: 
Proposal: Modify PDCCH/PCFICH parameters for LC_MTC as tabulated in Table 2 for OoS and Table 3 for InS. 
 Table 2: PDCCH/PCFICH transmission parameters for out-of-sync (LC_MTC)
	Attribute
	Value

	DCI format
	1A

	Number of control OFDM symbols


	2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 10 MHz

4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4; Bandwidth = 1.4 MHz

8; Bandwidth ( 3 MHz

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
5 dB or 6 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Note 1:
DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212 [21].

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


Table 3: PDCCH/PCFICH transmission parameters for in-sync (legacy)
	Attribute
	Value

	DCI format
	1C

	Number of control OFDM symbols
	2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 10 MHz

4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4

	Ratio of PDCCH RE energy to average RS RE energy
	5 or 6 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.

3 dB; when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Note 1:
DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212 [21].

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


On RLM evaluation period

In [4], longer cycle of assessing the radio link quality is proposed for LC-MTC UEs to save UE power. However, According to 36.213, In non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality, evaluated over the previous time period defined in 36.133, against thresholds (Qout and Qin) defined by relevant tests in 36.133. Based on this description, UE shall assess the radio link quality in every radio frame in non-DRX mode operation. 
Increasing the cycle of accessing the RLM will change RAN1 specification and have impact on the legacy UE implementation, such as the L1 filter design for RLM, and BLER prediction algorithm, etc. On the other hand, the benefit is so clear for the group and no performance improvement is shown. Without evident benefit, it is desirable to keep legacy implementation. 
Proposal 2: Keep existing OOS/INS evaluation period for LC_MTC for both non-DRX and DRX.

3 Conclusion

In this paper, we analyse the PDCCH/PCFICH parameters setup impact on the coverage considering the PDSCH performance and the RLM evaluation period impact. Based on the analysis, we propose:

Proposal: Modify PDCCH/PCFICH parameters for LC_MTC as tabulated in Table 2 for OoS and Table 3 for InS. 

 Table 2: PDCCH/PCFICH transmission parameters for out-of-sync (LC_MTC)
	Attribute
	Value

	DCI format
	1A

	Number of control OFDM symbols


	2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 10 MHz

4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4; Bandwidth = 1.4 MHz

8; Bandwidth ( 3 MHz

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
5 dB or 6 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Note 1:
DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212 [21].

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


Table 3: PDCCH/PCFICH transmission parameters for in-sync (legacy)
	Attribute
	Value

	DCI format
	1C

	Number of control OFDM symbols
	2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 10 MHz

4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4

	Ratio of PDCCH RE energy to average RS RE energy
	5 or 6 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.

3 dB; when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Note 1:
DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212 [21].

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


Proposal 2: Keep existing OOS/INS evaluation period for LC_MTC for both non-DRX and DRX.
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